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[Document Name] Specification 
[Title of the Invention] 

TRANSPARENT TOUCH PANEL 
[What is claimed is] 

[Claim 1] A transparent touch panel characterized in 

which a lower electrode made of a transparent conductive 
film provided on a lower electrode substrate and an upper 
electrode made of a transparent conductive film provided on 
an upper electrode substrate are stacked so as to be spaced 
from each other by spacers, wherein crystal grain size (R) 
of a metallic oxide of the transparent conductive film 
constituting at least one electrode, is within a range of 40 
nm < R < 200 nm. 

[Claim 2] A transparent touch panel characterized in 

which a lower electrode made of a transparent conductive 
film provided on a lower electrode substrate and an upper 
electrode made of a transparent conductive film provided on 
an upper electrode substrate are stacked so as to be spaced 
from each other by spacers, wherein the transparent 
conductive film constituting at least one electrode has an 
arithmetic mean roughness (Ra) of its surface within a 
range of 0.4 nm < Ra < 3.0 nm and a root-mean-square 
roughness (Rms) of 0.6 or more. 

[Claim 3] A transparent touch panel characterized in 

which a lower electrode made of a transparent . conductive 
film provided on a lower electrode substrate and an upper 
electrode made of a transparent conductive film provided on 
an upper electrode substrate are stacked so as to be spaced 
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from each other by spacers, wherein crystal grain size (R) 
of a metallic oxide of the transparent conductive film 
constituting at least one electrode is within a range of 40 
nm < R < 200 nm, and a surface of the transparent 
conductive film has an arithmetic mean roughness (Ra) 
within a range of 0-4 nm < Ra < 3.0 nm and a root-mean- 
square roughness (Rms) of. 0.6 or more. 
[Detailed Explanation of the Invention] 
[0001] 

[Technical Field to which the Invention pertains] 

The present invention relates to a transparent 
touch panel capable of performing stable, light touch 
inputs. The transparent touch panel . of the invention is 
particularly suitable as a transparent touch panel to be 
used as an input device by being laminated on a display 
screen of a flat display such as liquid crystal display 
devices, electroluminescent elements, plasma display 
devices, vacuum fluorescent character display . tubes, and 
field emission displays. 
[0002] 

[Conventional Art ] 

The transparent conductive film to be used in a 
transparent touch panel is generally made of a metallic 
oxide such as ATO (antimony oxide/ tin oxide) , FTO (tin 
oxide/fluorine dope), ITO (indium oxide/tin oxide), FATO 
(antimony oxide/tin oxide/fluorine dope), or the like. For 
resistor-film analog type transparent touch panels among 
others, the transparent conductive film is required to have 
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a resistance value of 200 - 2000 q/D and be highly 

transparent and less colored. 

[0003] 

The resistor-film analog type transparent touch 
panel has such a structure that a lower electrode substrate 
comprising an insulating substrate such as a glass plate or 
a film having on its surface a lower electrode made of a 
transparent conductive film and dot-like spacers, and an 
upper electrode substrate comprising an insulating 
substrate such as a film having on its surface an upper 
electrode made of a transparent conductive film are 
laminated. The transparent touch panel is thus enabled to 
make an input by pressing a portion of the surface of the 
touch panel from the input surface side so that the two 
electrodes are put into contact and electrically conducting 
with each other. 
[0004] 

The transparent ' conductive film formed in the 
transparent touch panel is normally formed by a physical 
film formation ' process such as evaporation . process and 
sputtering process or a chemical vapor phase process such 
as CVD process. In these processes, the crystal grain size 
(R) is controllable. For example, in the case of a 
physical film formation process, commonly, the mainstream 
is transparent conductive films made of ITO, where the 
resistance value is required to be 200 » 2000 q/D, rather 
higher as compared with electrodes for liquid crystal 
displays. Therefore, in order to increase the resistance 
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value, it is necessary to form an ultrathin film having a 

film thickness of about 100 - 200 A. 

[0005] 

Under these circumstances, because the 
transparent conductive film is provided as an ultrathin ITO 
film, the crystal grain size (R) is as fine as 10 - 15 nm, 
where the arithmetic mean roughness (Ra) as observed by an 
atomic force microscope is as small as 0.1 - 0.3 and the 
root-mean-square roughness (Rms) is as small as 0.25. For 
example, the surface cross-section of a transparent 
conductive film is shaped as shown in Fig. 5. 
[0006] 

Accordingly, in a transparent touch panel using 
such transparent conductive films, the so-called light 
touch input that an input state can be held for a slight- 
load input becomes unstable. Further, in the case of 
successive inputs with an about 10 g load by using a pen or 
the like, there would occur frequently line breaks of 
continuous lines and mis-input portions such that proper 
inputs could not be obtained. 
[0007] 

[Subject to be solved by the invention] ■ 

Thus, in order to solve these phenomena, such 
countermeasures as widening the spacer distance or reducing 
the spacer height could be conceived. 
[0008] 

However, widening the spacer distance would make 
it more likely to occur that mis-inputs happen upon contact 
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of the palm or other events. 
[0009] 

Also, reducing the spacer height would cause the 
distance between opposing electrode substrates to be so 
short that Newton's rings due to light interference would 
occur between the transparent conductive films. 
[0010] 

As a further count ermeasure, it is also possible 
that the threshold voltage that conditions ON/OFF state 
upon an input by the transparent touch panel is set low, 
thereby compensating a voltage reduction due to contact 
resistance developed between opposing electrodes for an 
easier input. However, this would make it likely to occur 
that even unstable inputs are accepted so that coordinate 
jumps would frequently occur, as an issue. 
[0011] 

Accordingly, an object of the present invention 
is to provide a transparent touch panel which solves the 
above-described issues and which is capable of performing 
stable, light touch inputs. 
[0012] 

[Means for solving the Subject] 

In order to achieve the above object, the 
transparent touch panel of the present invention has the 
following constitutions . 
[0013] 

That is, the transparent touch panel of the 
present invention is constructed as a transparent touch 
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panel in which a lower electrode made of a transparent 
conductive film provided on a lower electrode substrate and 
an upper electrode made of a transparent conductive film 
provided on an upper electrode substrate are stacked so as 
to be spaced from each other by spacers, wherein crystal 
grain size (R) of a metallic oxide of the transparent 
conductive film constituting at least one electrode is 
within a range of 40 run < R < 200 nm. 
[0014] 

The transparent touch panel of the present 
invention may be constructed as a transparent touch panel 
in which a lower electrode made of a transparent conductive 
film provided on a lower electrode substrate and an upper 
electrode made of a transparent conductive film provided on 
an upper electrode substrate are stacked so as to be spaced 
from each other by spacers, wherein the transparent 
conductive film constituting at least one electrode has an 
arithmetic mean roughness (Ra) of its surface within a 
range of 0.4 nm < Ra < 3.0 nm and a root-mean-square 
roughness (Rms) of 0.6 or more. 
[0015] 

The transparent touch panel of the present 
invention may be constructed as a transparent touch panel 
in which a lower electrode made of a transparent conductive 
film provided on a lower electrode substrate and an upper 
electrode made of a transparent conductive film provided on 
an upper electrode substrate are stacked so as to be spaced 
from each other by spacers, wherein crystal grain size (R) 



WIS PAGE BLANK (uspto, 



JP10-189542 



7 

of a metallic oxide of the transparent conductive film 
constituting at least one electrode is within a range of 40 
nm < R < 200 nm, and a surface of the transparent 
conductive film has . an arithmetic mean roughness (Ra) 
within a range of 0.4 nm < Ra < 3.0 nm and a root-mean- . 
square roughness (Rms) of 0.6 or more. 
[0016] 

[Embodiments of the Invention] 

Embodiments of the present invention are 
described in detail with reference to the accompanying 
drawings . 
[0017] 

Fig. 1 is a schematic sectional view showing a 
surface shape of a transparent conductive film of a 
transparent touch panel according to this invention. Fig. 
2 is an atomic force microscope photograph showing crystal 
grain size of a metallic oxide of the transparent 
conductive film of the transparent touch panel of this 
invention. Fig . 3 is a perspective view showing a method 
for observing a voltage drop due to contact resistance 
between the transparent conductive films of the transparent 
touch panel. Fig. 4 is a circuit diagram showing a method 
for observing a voltage drop due to contact resistance 
between the transparent conductive films of the transparent 
touch panel. Fig. 5 is a schematic sectional view showing 
a surface shape of a transparent conductive film of a touch 
panel according to the conventional art. In the figures, 
reference numeral 1 denotes a transparent conductive film, 
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2 denotes a pen, 3 denotes a bus bar, 4 denotes an upper 

electrode, and 5 denotes a lower electrode. 

[0018] 

The transparent touch panel of this invention is 
a transparent touch panel in which a lower electrode 5 made 
of a transparent conductive film 1 provided on a lower 
electrode substrate and an upper electrode 4 made of a 
transparent conductive film 1 provided on an upper 
electrode substrate are stacked so as to be spaced from 
each other by spacers, wherein crystal grain size (R) of 
the metallic oxide of the transparent conductive film 1 
constituting at least one electrode is within a range of 40 
nm < R < 200 nm, and the surface of the transparent 
conductive film 1 has an arithmetic mean roughness (Ra) 
within a range of 0.4 nm < Ra < 3.0 nm and a root-mean- 
square roughness (Rms) of 0.6 or more (see Fig. 1) . 
[0019] 

The substrates are exemplified by plastic 
substrates or glass substrates having thermal resistance 
and superior in transparency. Examples of the plastic 
substrates used are polycarbonate resin, polyethylene 
terephthalate resin, polyethersulf one resin, polyacrylate 
resin, triacetate resin, or the like. The glass substrates 
have only to be low in hue and are not particularly limited. 
[0020] 

As the transparent conductive film 1 may be made 
of a metallic oxide, which is an n-type semiconductor, 
typified by ATO (antimony oxide/tin oxide) , FTO (tin 
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oxide/fluorine dope), ITO (indium oxide/tin oxide), and 
FATO (antimony oxide/tin oxide/ fluorine dope) . In 
particular, ITO is preferable by virtue of its being free 
from coloring of the transparent conductive film itself and 
superior in permeability. 
[0021] 

The transparent conductive film 1 is so formed 
that the crystal grain size (R) of the metallic oxide is 
distributed within a range of 40 nm < R < 200 nm. The 
transparent conductive film 1 may partly contain ungrown 
crystals, of less than 40 nm. If the crystal grain size (R) 
is distributed within a range less than 40 nm, a light 
touch input would result in an unstable input; if the 
crystal grain size (R) is distributed within a range over 
200 nm, the transparent conductive films forming opposing 
electrodes would be damaged by surface bumps and dips so as 
to be deteriorated in durability. Therefore, by setting 
the crystal grain size (R) to within the range of 40 nm < R 
< 200 nm so that a stable oxide film less in barriers 
typified by grain boundaries is obtained, the contact 
resistance upon mutual contact of the transparent 
conductive films provided on opposing substrates can be 
reduced so that a stable input can be achieved. 
[0022] 

In order to set the mean crystal grain size (R) 
within the range of 4 0 nm < R < 200 nm, for example in the 
case of film formation by sputtering process, it is 
considered appropriate to accelerate the growth of crystal 
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grains by setting the substrate temperature to a high 
substrate temperature or by performing an aging process at 
150 - 200°C for several hours or more after the film 
formation. Also, when the film is formed from a sol-gel 
material, the size of the crystal grains can be controlled 
by taking into consideration the addition amount or 
dispersibility of various kinds of elements in solution 
state and further by taking into consideration drying 
process and firing conditions. 
[0023] 

For example, in the case of transparent 
conductive films 1 having a crystal grain size (R) around 
50 nm or so as shown in Fig. 2, proper inputs are able to 
be obtained even with a light touch input. Further, 
successful results are obtained also with a light touch 
input after a humidity heat test at 60°C, 95% RH for 500 
hours . 
[0024] 

In the case where the crystal grain size (R) is 
as fine as 10 - 15 nm, generally, an increase in surface 
resistance value occurs upon the foregoing humidity heat 
test, and a considerable increase in occurrence of mis- 
inputs occurs with light touch inputs. The reason of this 
could be considered that with a small crystal grain size 
(R) , the surface area of the transparent conductive film 
increases and so the amount of moisture adsorption is large, 
causing carriers in the transparent conductive film to be 
removed, with the result that the resistance value is 
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increased. It could also be considered that more grain 
boundaries exist in a transparent conductive film having a 
smaller crystal grain size (R) , than in a transparent 
conductive film having a larger crystal grain size (R) , 
where in the case of ITO as an example, since the mean free 
path of carriers can be considered as about 100 A, the 
mobility of carriers lowers due to grain boundary 
scattering that could normally be neglected, with the 
result that trouble with light touch inputs is more likely 
to occur. 
[0025] 

Also, the stability upon a light touch input can 
be evaluated by observing a voltage drop due to contact 
resistance between the transparent conductive films 1. As 
shown in Figs. 3 and 4, with a voltage of 5 V connected to 
the upper electrode 4 of the transparent touch panel and 
with the use of a circuit that gives a load of 10 kQ to the 
lower electrode 5, input trouble upon a light touch input 
can be numerically evaluated by measuring a voltage drop 
due to contact resistance between the opposing transparent 
conductive films 1. It is noted that Ev = 5- (Ea+Eb+Ec) , 
Ea+Ec = const., Eb = drop voltage due to contact 
resistance, and Ev = detected voltage. 
[0026] 

That is, with respect to the voltage of 5 V 
applied to the upper electrode 4, the larger the sum of the 
voltage drops (Ea, Ec) due to the circuit resistance or the 
like and the voltage drop (Eb) due to contact resistance, 
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the smaller the detected voltage (Ev) . Accordingly, the 
smaller the detected voltage (Ev) is, the more the input 
trouble, occurs. 
[0027] 

In the case where ITO is used as the transparent 
conductive film 1 and the crystal grain size (R) is within 
the range of 40 - 100 nm, the detected voltage (Ev) is 
about 4.6 V stable. In contrast to this, in the case where 
the crystal grain size (R) is within a range of 10 - 15 nm, 
the detected voltage (Ev) is 4.0 - 4.2 V unstable as 
observed. As a result of detailed experiments, it is found 
that when the detected voltage (Ev) with 5 V applied is 
about 4.5 V or more, successful inputs are achieved even 
with light touch inputs. 
[0028] 

Also, when a tin oxide film by CVD process is 
used as the transparent conductive film 1, the crystal 
grain size (R) is distributed within a range of 100 - 200 
nm, where the detected voltage (Ev) is about 4.5 V stable. 
[0029] 

Further, for the transparent conductive film 1 
forming ■ at least one electrode, the arithmetic mean 
roughness (Ra) of its surface is set to within a range of 
0.4 nm < Ra < 3.0 nm and the root-mean-square roughness 
(Rms) is set to within a range of 0.6 nm or more. Forming 
the transparent conductive film 1 like this makes it 
possible to obtain a film in which crystal grain aggregates 
are arranged compact as shown in Fig. 1 and yet which has a 
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good smoothness so that a contact area for input operation 
can promptly be ensured. If the arithmetic mean roughness 
(Ra) is less than 0.4 nm and if the root-mean-square 
roughness (Rms) is less than 0.6 nm, a considerably dot- 
like contact results, which is unsuitable for input 
operation because of less contact area (see Fig. 5) . Even 
if either one of the arithmetic mean roughness (Ra) and the 
•root-mean-square roughness (Rms) is within the foregoing 
range, proper inputs could not be expected. Further, if 
the arithmetic mean roughness (Ra) is over 3.0 nm, sliding 
characteristics of the transparent conductive film 1 would 
be adversely affected, undesirably. 
[0030] 

In this connection, given a measuring length 1 
portion which is sampled out of the roughness curve along 
its center line, if the X-axis is given by the center line 
of this sampled portion and the Y-axis is taken along the 
direction of longitudinal scale factor, and if the 
roughness curve is expressed by "y = f(x)", then the 
arithmetic mean roughness (Ra) can be determined by the 
following equation: 
[0031] 

[Eq. 1] 

Im 

[0032] 

Therefore, the arithmetic mean roughness (Ra) is 
a value that can be approximated by an average of absolute 
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values from the center line to the roughness curve in the 

longitudinal direction. 

[0033] 

[Eq. 2] 

1 " 

R(a) - £ |/O0| 

Yl 

[0-034] 

Also, the root-mean-square roughness (Rms) refers to a 
standard deviation which is determined under the conditions 
that, given a reference length which is sampled out of the 
roughness average along the direction of the average value, 
the X-axis is taken along the direction of the center line 
of this sampled portion and the Y-axis is taken along the 
direction of longitudinal scale . factor, the. standard 
deviation representing- angles of slanted portions of the 
bumps and dips. 
[0035] 

[Eq. 3] 

V N 

[0036] 

Further, given a reference length which is 
sampled out of the roughness curve along the direction of 
the average line, when the sum of lengths of average lines 
corresponding to one crest and its adjacent crest in the 
sampled portion is determined, the arithmetic mean value 
(Sm) of spacings of numerous bumps and dips is preferably 
not less than 50 nm. If Sm > 50 nm, then the distance 
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between crests is not less than 50 run, making it possible 
that crystal grain aggregates constituting one crest can 
become greater, resulting in such a trapezoidal shape as 
shown in Fig. 1. It is noted here that reference character 
Smi denotes the spacing between bump and dips, and n 
denotes the number of spacings between bumps and dips 
within the reference length. 
[0037] 

[Eq.4] 

1 n 

Sm = — S Smi 
n 1=1 

[0038] 

[Examples] . 
Example 1 : 

On a 20 p thick polyethylene terephthalate film 
having an about 5 jam. acrylic hard coat, an ITO film is 
formed as a transparent conductive film by sputtering 
process at a film formation temperature of 130°C. Further, 
an aging is performed at a temperature around 150 °C, by 
which a transparent conductive film having a crystal grain 
size (R) distributed within a range of 40 - 60 nm is 
fabricated. A 125 \m polyethylene terephthalate film 
having an about 5 ^m acrylic hard coat on the rear surface 
is laminated, in advance, on hard coat surface of the 
transparent conductive film with an adhesive layer 
interposed therebetween . 
[0039] 

Also, by using, as the lower electrode substrate, 
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a 1.1 mm thick glass dip-coated on both sides with Si0 2# 
and with the substrate temperature set to 250°C, a 15 nm 
thick ITO film is formed as a transparent conductive film 
by sputtering process. As a result of observation by an 
atomic force microscope (SPM-9500 made by Shimadzu 
Seisakusho K.K.), the crystal grain size (R) is distributed 
within a range of 40 - 60 nm. 
[0040] 

A transparent touch panel using the above film 
and the glass as electrodes is fabricated, and an . input is 
made in a lattice shape by loading a polyacetal pen with a 
total weight of 20 g. As a result, a stable input is able 
to be achieved without causing line distortions or breaks. 
[0041] 

Further, as a result of measuring the voltage 
upon input operation with 5 V applied to this transparent 
touch panel, a stable value of 4.6 V is shown. 
[0042] 

Furthermore, after the transparent touch panel is 
subjected to a humidity heat test at 60°C and 95% RH for 
500 hours, a similar lattice input test is performed. As a 
result, the transparent touch panel shows no changes from 
the initial state. Also, as a result of performing an 
input voltage measurement, the transparent touch panel 
shows a stable value of 4 . 6 V, with absolutely no changes 
from the initial value, thus being usable with light touch 
inputs without any issue. 
[0043] 
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Example 2: 

A transparent conductive film is formed on a 
polyethylene terephthalate film in the same way as in 
Example 1 except that the film formation temperature is set 
to 100°C. As a result of measuring the arithmetic mean 
roughness (Ra) of the surface of the transparent conductive 
film, the arithmetic mean roughness (Ra) is that 0.4 nm < 
Ra- < 1.2 nm, and the root-mean-square roughness (Rms) is 
0.8. 
[0044] 

" Also, a transparent conductive ink composition is 
printed on a Si0 2 -coated 300 mm x 300 mm x 1.1 mm soda 
glass substrate by the aforementioned thin film formation 
system (Angstromer™, In-Line type, made by Nissha Printing 
Co. , Ltd. ) . 
[0045] 

The' glass substrate, after preliminarily dried by 
hot plate, is burned at 540°C with a conveyor type 
atmosphere separating oven and subsequently cooled from 
540 °C to room temperature in a . nitrogen atmosphere 
containing a trace amount of hydrogen gas within the 
conveyor type atmosphere separating oven, by which a 10 nm 
thick transparent conductive film is obtained. As a result 
of observation with an atomic force microscope (SPM-9500 
made by Shimadzu Seisakusho K.K.), the crystal grain size 
(R) is distributed within a range of 10 - 30 nm. 
[0046] 

As a result of measuring the arithmetic mean 
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roughness (Ra) of the surface of the transparent conductive 
film, the arithmetic mean roughness (Ra) is that 0.4 nm < 
Ra < 0.8 nm, and the root-mean-square roughness (Rms) is 
0,65. Also, Sm representing the spacing between crests is 
57 nm. 
[0047] 

A transparent touch panel using the above film 
and the glass as electrodes is fabricated, and an input is 
made in a lattice shape by loading a polyacetal pen with a 
total weight of 20 g. As a result, a stable input is able 
to be achieved without causing line breaks or line 
distortions . 
[0048] 

Further, as a result of measuring the voltage-- 
upon input operation with 5 V applied to this transparent 
touch panel, a stable value of 4.5 V is shown. 
[0049] 

Furthermore, after the transparent touch panel is 
subjected to a humidity heat test at 60°C and 95% RH for 
500 hours, a similar lattice input test is performed and 
then input voltage is measured. As a result, the 
transparent touch panel shows an input voltage of 4.5 V, 
similar to the initial value, thus free from any issues 
with light touch inputs. Also, as a result of evaluating, 
with lattice inputs, an input state after a 150000- 
character continuous input test, a stable lattice is able 
to be drawn without causing line breaks. 
[0050] 
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Example 3: 

A transparent . conductive film is formed on a 
polyethylene . terephthalate film in the same way as in 
Example 1 except that the film formation temperature is set 
to 150°C and that an aging is performed at 150°C for 
several hours. The crystal grain size (R) is distributed 
within a range of - 40 - 100 nm. The arithmetic mean 
roughness (Ra) of the surface of the transparent conductive 
film is that 1.1 nm < Ra < 2,3 run and the root-mean-square 
roughness (Rms) is 0.9. 
[0051] 

Also, a transparent conductive ink composition is 
printed on a Si0 2 -coated 300 mm x 300 mm x- 1.1 mm soda 
glass substrate by the aforementioned thin film formation 
system (Angstromer™, In-Line type, made by Nissha Printing 
Co. , Ltd. ) . 
[0052] 

The glass substrate, after preliminarily dried by 
hot plate, is burned at 540°C with a conveyor type 
atmosphere separating oven and subsequently cooled from 
540°C to room temperature in a nitrogen atmosphere 
containing a trace amount of hydrogen gas within the 
conveyor type atmosphere separating oven, by which a 20 nm 
thick transparent conductive film is obtained. As a result 
of observation with an atomic force microscope (SPI3600 
made by Seiko Denshi Kogyo K.K.), the crystal grain size 

(R) is distributed within a range of 40 - 60 nm. 

[0053] 
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Further, as a result of measuring the arithmetic 
mean roughness (Ra) of the film surface, the arithmetic 
mean roughness (Ra) is that 0.4nm<Ra<0.8nm and the 
root-mean-square roughness (Rms) is 0.70. 
[0054] - 

A transparent touch panel using the above film 
and the glass as electrodes is fabricated, and an input is 
made in a lattice shape by loading a polyacetal pen with a 
total weight of 20 g. As a result, a stable input is able 
to be achieved without causing line breaks or line 
distortions. 
[0055] 

Further, as a result of measuring the voltage 
upon input operation with 5 V applied to this touch panel, 
a stable value of 4.65 V is shown. 
[0056] 

Furthermore, after the transparent touch panel is 
subjected to a humidity heat test at 60°C and 95% RH for 
500 hours, a similar lattice input test is performed and 
then input voltage is measured. As a result, the 
transparent touch panel shows a value of 4.65 V, similar to 
the initial value, thus free from any issues with light 
touch inputs . 
[0057] 

Comparative Example 1: 

A transparent conductive film is formed on a 
polyethylene terephthalate film in the same way as in 
Example 1 except that the aging process is omitted. As a 
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result, the crystal grain size is distributed within a 
range of 10 - 20 nm. Also, by using, as the lower 
electrode substrate, a 1.1 mm thick glass dip-coated on 
both sides with Si0 2 , and with the substrate temperature 
set to 150°C, a 10 nm thick ITO film is formed as a 
transparent conductive film by sputtering process. As a 
result of observation by an atomic force microscope 

(SPI3600 made by Seiko. Denshi Kogyo K.K.), the crystal 
grain size (R) is distributed within a range of 20 - 30 nm. 

[0058] 

A transparent touch panel using the above film 
and the glass as electrodes is fabricated, and an input is 
made in a lattice shape by loading a polyacetal pen. with a 
total weight of 20 g. As a result, although there are no 
line breaks, line distortions occur, so that a stable input 
is unable to be achieved. 
[0059] 

Further, as a result of measuring the voltage 
upon input operation with 5 V applied to this transparent 
touch panel, unstable values of 4.3 » 4.4 V are shown. 
[0060] 

Furthermore, after the transparent touch panel is 
subjected to a humidity heat test at 60°C and 95% RH for 
500 hours, a similar lattice input test is performed. As a 
result, line distortions are larger as compared with those 
of the initial state, even line breaks occur, and besides 
input-disabled places are observed. Further, as a result 
of measuring . input voltage, the transparent touch panel 
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shows values of 4.0 - 4.3 V, even lower than the initial 
values, thus unusable with light touch inputs. 
[0061] 

Comparative Example 2: 

A transparent conductive film is formed on a 
polyethylene terephthalate film in the same way as in 
Comparative Example 1. As a result, the crystal grain size 
(R) is distributed within a range of 10 - 20 run. The 
arithmetic mean roughness (Ra) of the surface of the 
transparent conductive film is that 0.1 < Ra < 0.25 nm and 
the root-mean-square roughness (Rms) is 0.55. 
[0062] 

Also, by using, as the lower electrode substrate, 
a 1.1 mm thick glass dip-coated on both sides with Si0 2 , 
and with the substrate temperature set to 80°C, a 15 nm 
thick ITO film is formed as a transparent conductive film 
by sputtering process. As a result of observation by an 
atomic force microscope (SPI3600 made by Seiko Denshi Kogyo 
K.K.), the crystal grain size (R) is distributed within a 
range of 10 - 15 nm. The arithmetic mean roughness (Ra) of 
the surface of the transparent conductive film is that 0.1 
< Ra < 0.22 nm and the root-mean-square roughness (Rms) is 
0.35. 
[0063] 

A transparent touch panel using the above film 
and the glass as electrodes is fabricated, and voltage upon 
input operation is measured by loading a polyacetal pen 
with a total weight of 20 g and with 5 V applied. As a 
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result, unstable values of 4.2 - 4.3 V are shown. 
[0064] 

Furthermore, after the transparent touch panel is 
subjected to a humidity heat test at 60°C and 95% RH for 
500 hours, a similar lattice input test is performed. As a 
result, line distortions are larger as compared with those 
of the initial state, even line breaks occur, and besides 
input-disabled places are observed. Further, as a result 
of measuring input voltage, the transparent touch panel 
shows values of 3.7 - 4.0 V, even lower than the initial 
values, thus unusable with light touch inputs. Also, as a 
result of evaluating, with lattice inputs, an input state 
after a 150000-character continuous input test, 3.9 - 4.1 V 
places are partly detected. 
[0065] 

Comparative Example 3: 

A transparent conductive film is formed on a 
polyethylene terephthalate film in the same way as in 
Example 3. 
[0066] 

Also, a transparent conductive ink composition is 
printed on a Si0 2 -coated 300 mm x 300 mm x 1.1 mm soda 
glass substrate by a thin film formation system 
(Angstromer™, In-Line type, made by Nissha Printing Co., 
Ltd. ) . 
[0067] 

The glass substrate, after preliminarily dried by 
hot plate, is burned at 500°C with a conveyor type 
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atmosphere separating oven and subsequently cooled from 
500°C to room temperature in a nitrogen atmosphere 
containing a trace amount of hydrogen gas within the 
conveyor type atmosphere separating oven, by which a 10 nm 
thick transparent conductive film is obtained. As a result 
of observation with an atomic force microscope (SPI3600 
made by Seiko Denshi Kogyo K.K. ) , the crystal grain size 

(R) is distributed within a range of 10 - 30 nm. Further, 
as a result of measuring the arithmetic mean roughness (Ra) 
of the surface of the transparent conductive film, the 
arithmetic mean roughness (Ra) is that 0.1 < Ra < 0.4 nm 
and the root-mean- square roughness (Rms) is- 0.35. 

[0068] 

A transparent touch panel using the above film 
and the glass as electrodes is fabricated, and an input is 
made in a lattice shape by loading a polyacetal pen with a 
total weight of 20 g. As a result, although there are no 
line breaks, line distortions occur, so that a stable input 
is unable to be achieved. 
[0069] 

Further, as a result of measuring the voltage 
upon input operation with 5 V applied to this transparent 
touch panel, unstable values of 4.3 - 4.4 V are shown. 
[0070] 

Furthermore, after the transparent touch panel is 
subjected to a humidity heat test at 60°C and 95% RH for 
500 hours, a similar lattice input test is performed. As a 
result, line distortions are larger as compared with those 



T H'S PAGE BLANK 



(USPTO) 



JP10-189542 



25 

of the initial state, even line breaks occur, and besides 
input-disabled places are observed. Further, as a result 
of measuring input voltage, the transparent touch panel 
shows values of 4.0 - 4.3 V, even lower than the initial 
values, thus unusable with light touch inputs. 
[0071] 

[Effects of the Invention] 

Since the transparent touch panel of the present 
invention is constituted as described above, the 
transparent touch panel has the following excellent effects. 
[0072] 

The transparent touch panel of the present 
invention is so controlled that the crystal grain size (R) 
of the metallic oxide forming the transparent conductive 
film on at least one substrate falls within a range of 40 
nm < R < 200 nm. Thus, the transparent touch panel is 
capable of reducing the contact resistance upon light touch 
inputs, thus suitable for light touch inputs. 
[0073] 

Also, the transparent touch panel of the present 
invention is so controlled that the transparent conductive, 
film on at least one substrate has an arithmetic mean 
roughness (Ra) of its surface within the range of 0 . 4 nm < 
Ra < 3.0 nm and the root-mean-square roughness (Rms) of 0.6 
or more. Thus, the transparent touch panel is capable of 
ensuring a contact area and superior in sliding 
characteristics upon light touch inputs, thus suitable for 
light touch inputs. 
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[0074] 

Also, the transparent touch panel of the present 
invention is so controlled that the crystal grain size (R) 
of the metallic oxide of the transparent conductive film on 
at least one substrate is within the range of 40 nm < R < 
2 00 nm and that the transparent conductive film has an 
arithmetic mean roughness (Ra) of its surface is within the 
range of 0.4 nm < Ra < 3.0 nm and a root-mean-square 
roughness (Rms) of 0.6 or more. Thus, the transparent 
touch panel is capable of reducing the contact resistance 
upon light touch inputs and ensuring the contact area and 
further superior in sliding characteristics, thus suitable 
for light touch inputs. 
[Brief Description Of The Drawings] 

[Fig. 1] Fig. 1 is a schematic sectional view showing a 
surface shape of a transparent conductive film of a 
transparent touch panel, according to the present invention. 
[Fig. 2] Fig. 2 is an atomic force microscope photograph 
showing crystal grain size of a metallic oxide of the 
transparent conductive film of the transparent touch panel 
of the present invention. 

[Fig. 3] Fig. 3 is a perspective view showing a method for 
observing a voltage drop due to contact resistance between 
the transparent conductive films of the transparent touch 
panel . 

[Fig. 4] Fig. 4 is a circuit diagram showing a method for 
observing a voltage drop due to contact resistance between 
the transparent conductive films of the transparent touch 
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panel. 

[Fig. 5] Fig. 5 is a schematic sectional view showing a 
surface shape of a transparent conductive film of a 
transparent touch panel according to the conventional art. 
5 [Explanation of Reference Numerals] 

1: transparent conductive film 
2 : pen 
3 : bus bar 
4: upper electrode 
10 5: lower electrode 
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[Document Name] Abstract 
[Abstract] 

[Object] To provide a transparent touch panel capable 

of performing stable, light touch inputs. 

[Means. for Solution] In a transparent touch panel in 

which a lower electrode 5 made of a transparent conductive 
film 1 provided on a lower electrode substrate and an upper 
electrode 4 made of a transparent conductive film 1 
provided on an upper electrode substrate are stacked so as 
to be spaced from each other by spacers, crystal grain size 
(R) of a metallic oxide of the transparent conductive film 
1 constituting at least one electrode is within a range of 
4 0 nm < R < 200 nm, and the surface of the transparent 
conductive film 1 has an arithmetic mean roughness (Ra) 
within a range of 0.4 nm < Ra < 3.0 nm and a root-mean- 
square roughness (Rms) of 0.6 or more. 
[Selected Figure] Fig. 1 




THIS PAGE BLANK (USPTO) 



JP10-189542 



Document Name: Official Correction Data 
Corrected Document: Application for Patent 



Approved of Supplemented Data:- 



Applicant 

Identification No.: 000231361 

Address: 3, Mibu Hanai-cho, Nakagyo-ku, Kyoto-shi, 

Kyoto-fu, Japan 
Name: Nissha Printing Co., Ltd. 



THIS PAGE BLANK (uspto) 



JP10-189542 

Applicant Record 
Identification No,: 000231361 

1. Date of Registration: August 7, 1990 (newly recorded) 

Address: 3, Mibu Hanai-cho, Nakagyo-ku, Kyoto-shi, 
Kyoto-fu, Japan 

Name: Nissha Printing Co . , Ltd. 




THIS PAGE BLANK 



